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Abstract
Angelman syndrome  (AS) and Prader–Willi syndrome  (PWS) are considered sister 
imprinting disorders. Although both AS and PWS congenital neurodevelopmental disorders 
have chromosome 15q11.3‑q13 dysfunction, their molecular mechanisms differ owing 
to genomic imprinting, which results in different parent‑of‑the‑origin gene expressions. 
Recently, several randomized controlled trials have been proceeded to treat specific 
symptoms of AS and PWS. Due to the advance of clinical management, early diagnosis 
for patients with AS and PWS is important. PWS is induced by multiple paternal gene 
dysfunctions, including those in MKRN3, MAGEL2, NDN, SNURF‑SNPRPN, NPAP1, 
and a cluster of small nucleolar RNA genes. PWS patients exhibit characteristic facial 
features, endocrinological, and behavioral phenotypes, including short and obese 
figures, hyperphagia, growth hormone deficiency, hypogonadism, autism, or obsessive–
compulsive‑like behaviors. In addition, hypotonia, poor feeding, failure to thrive, and 
typical facial features are major factors for early diagnosis of PWS. For PWS patients, 
epilepsy is not common and easy to treat. Conversely, AS is a single‑gene disorder induced 
by ubiquitin‑protein ligase E3A dysfunction, which only expresses from a maternal allele. 
AS patients develop epilepsy in their early lives and their seizures are difficult to control. 
The distinctive gait pattern, excessive laughter, and characteristic electroencephalography 
features, which contain anterior‑dominated, high‑voltage triphasic delta waves intermixed 
with epileptic spikes, result in early suspicion of AS. Often, polytherapy, including the 
combination of valproate, levetiracetam, lamotrigine, and benzodiazepines, is required for 
controlling seizures of AS patients. Notably, carbamazepine, oxcarbazepine, and vigabatrin 
should be avoided, since these may induce nonconvulsive status epilepticus. AS and PWS 
presented with distinct clinical manifestations according to specific molecular defects due 
to genomic imprinting. Early diagnosis and teamwork intervention, including geneticists, 
neurologists, rehabilitation physicians, and pulmonologists, are important. Epilepsy is 
common in patients with AS, and after proper treatment, seizures could be effectively 
controlled in late childhood or early adulthood for both AS and PWS patients.

Keywords: Angelman syndrome, Epilepsy, Genomic imprinting, Prader–Willi syndrome

behavioral and endocrinological disorders, including autistic 
and obsessive–compulsive symptoms, growth hormone defi-
ciency, and hypogonadism  [1,2]. The seizure is a cardinal 
manifestation of AS with characteristic electroencephalogra-
phy (EEG) pattern, which could aid in the early diagnosis [3]. 
Instead, the seizure types and EEG patterns of PWS patients 

Introduction

Both Angelman syndrome (AS) and Prader–Willi syndrome 
(PWS) are associated with chromosome 15q11.2‑q13 dys-

function and are considered sister imprinting disorders  [1]. 
Although both congenital disorders map to the same chro-
mosome locus, their molecular mechanisms, and clinical 
phenotypes differ because of genomic imprinting. The clini-
cal phenotypes of AS are more restricted than those of PWS 
in neurological dysfunction, including cognitive impairment, 
seizures, and ataxia, which are also present in PWS patients 
with less severity. Conversely, PWS patients develop multiple 
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are more assorted  [4,5]. Recently, several randomized con-
trolled trials have been proceeded to treat specific symptoms 
of AS and PWS, such as AZP‑531 for hyperphagia [6], oxyto-
cin  (OXT) for behavior problems of PWS  [7], and gaboxadol 
for the neurodevelopment of AS  [8]. Due to the advance of 
clinical management, early diagnosis for patients with AS 
and PWS is important. Therefore, the present review aimed 
to introduce the clinical phenotypes, molecular mechanisms, 
seizure semiology, EEG patterns, and treatments of AS and 
PWS.

Clinical features of angelman syndrome 
and Prader–Willi syndrome

AS is a severe neurodevelopmental disorder induced by the 
loss of function of the ubiquitin‑protein ligase E3A  (UBE3A) 
gene, which is expressed from the maternal chromosome 15 
only, and the estimated incidence is 1/12,000–20,000  [9‑11]. 
Typically, AS patients present with psychomotor delay since 
the age of 6 months, and this disorder is associated with 
feeding difficulties and muscular hypotonia  [12].  Most chil-
dren with AS walk independently after 3–4  years of age with 
a distinguishing gait pattern – a puppet‑like, jerky quality with 
an out‑toed, wide‑based stance with pronated ankles  [13]. 
Moreover, AS patients display a specific behavioral pheno-
type as excessive laughter and happy grimacing, which are 
introduced by social interaction and often associated with 
a protruding tongue  [14]. Usually, microcephaly and seizure 
develop in the 1st 3 years of life  [3,12]. Seizures and declined 
physical mobility is the leading lifelong cardinal problems for 
AS patients. Obesity has been noted in some patients after 
teenage but is not a common finding  [15]. AS‑related mor-
tality exhibits a bimodal distribution, with some early deaths 
attributable to the complications of severe seizures or acciden-
tal events. Unlike PWS patients, endocrinopathy and sudden 
death are uncommon in AS patients. The lifespan of AS 
patients is considerably long beyond childhood [16].

Unlike AS in which the symptoms are mostly restricted 
to the neurological system, PWS is a multisystem disorder 
caused by the loss of function of multiple genes from pater-
nal chromosome 15q11‑13. Affected infants present with 
marked hypotonia since birth, which results in feeding diffi-
culties and failure to thrive. The characteristic facial features, 
including narrow bifrontal diameter, almond‑shaped palpe-
bral fissures, narrow nasal bridge, and thin upper vermillion, 
may be observed since birth  [2]. Moreover, neonatal hypo-
tonia, feeding difficulties, and typical facial appearance are 
major factors leading to an early diagnosis of PWS. Majority 
of the patients exhibit delayed motor and language mile-
stones, as well as intellectual disability  (mean intelligence 
quotient, 60–70). Since toddler and childhood, excessive 
appetite develops, and patients gradually become obese  [17]. 
Hypothalamic dysfunction is another cardinal symptom 
of PWS, which is manifested as temperature dysregula-
tion, enhanced pain tolerance, lack of satiety that, perhaps, 
induces food‑seeking behavior, and sleep‑disordered breathing, 
including central and obstructive sleep apnea  [18]. Besides, 
hypothalamic dysfunction results in central hypothyroidism, 
central adrenal insufficiency, growth hormone deficiency, 

and hypogonadotropic hypogonadism  [2,18]. PWS patients 
exhibit a characteristic behavioral phenotype, including temper 
tantrums, stubbornness, controlling and manipulative behav-
ior, compulsivity, and difficulty in changing routines, which 
even fulfill the criteria for the diagnosis of autistic spectrum 
disorder  (ASD)  [2]. However, autistic and compulsive behav-
iors are rare in AS patients. Veltman et  al. reported that 38 
out of 150  (25.3%) PWS patients and 2 out of 104  (1.9%) 
AS patients had ASD as a morbidity  [19]. The neurodevel-
opmental disabilities of the PWS patients, such as mental 
retardation, autistic features, and emotional symptoms, persist 
into adulthood and pose marked challenges and burdens for 
their caregivers  [20‑23]. The estimated incidence of PWS is 
1/10,000–30,000. The PWS‑related mortality rate is higher 
than that in controls with intellectual disability. A  popula-
tion study estimated the PWS‑related mortality rate at 3% per 
year [24]; however, with enhanced supportive care and proper 
diet to control body weight, PWS patients may live a full life.

Genetics for Angelman syndrome and 
Prader–Willi syndrome

AS and PWS are caused by the same chromosome dysfunc-
tion, mostly caused by deletion, on 15q11.2‑q13; this region 
contains several genes and has a typical parent‑of‑the‑origin 
expression, termed genomic imprinting, which implies mono-
allelic and parent‑of‑origin‑dependent expression of a subset 
of genes  [Figure  1]. The mechanism of genomic imprinting 
involves differential epigenetic markings of the alleles, pri-
marily from parental allele‑specific DNA methylation and 
chromatin modification during gametogenesis in the male 
and female germline  [25,26]. Thus, the loss of function of 
the active allele cannot be compensated by another allele, 
making the imprinted genes more vulnerable. Four differ-
ent mechanisms cause imprinted gene dysfunction, including 
gene mutation, chromosome deletion or duplication, uniparen-
tal disomy  (UPD), and imprinting defect  [27]. UPD is caused 
by meiotic and mitotic nondysfunction events and makes 
both copies of a chromosome pair from the same parent. The 
imprinting defect makes wrong parental allele methylation, 
and further disarrays the imprinted gene function. AS and 
PWS are typical examples of imprinting disorders, for which 
the parental origin of the affected chromosome 15 would be 
the determining factor for clinical phenotypes [28].

AS is a single‑gene disorder caused by the loss of function 
of maternally expressed gene UBE3A in neuronal cells  [9]. 
The UBE3A gene comprises 16 exons and encodes E6‑AP, 
an E3 ubiquitin ligase  [11]. Unlike the PWS gene expres-
sion, which is regulated by DNA methylation, the imprinted 
expression of UBE3A is regulated by small RNA host gene 
14  (small nucleolar RNA host gene 14  [SNHG14]; previously 
termed UBE3A‑ATS), a noncoding antisense transcript that 
is initiated at the SNRPN promoter  [29]. In neuronal cells, 
SNHG14 transcription extends to the UBE3A gene and inter-
feres with UBE3A expression on the paternal chromosome, 
and only maternal UBE3A is functional. However, UBE3A is 
biallelically expressed in nonneuronal cells  [30]. E6‑AP trans-
fers ubiquitin from an E2 ubiquitin‑conjugating enzyme to its 
protein substrates, which is called ubiquitylation, and processes 
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the protein substrates into specific functions, including mem-
brane transport, transcriptional regulation, or degradation [16]. 
From Drosophila and mice experiments, several protein levels 
are altered by E6‑AP knockout or overexpression, such as 
ECT2, p53, p27, HR23A, Arc, and ephexin‑5; p27 and p52 are 
involved in regulating neuronal cell proliferation and survival, 
whereas ephexin‑5 and Arc are involved in synapse formation 
and remodeling  [16]. Thus, the clinical phenotypes of AS are 
primarily constricted in neurodevelopmental aberrations.

The PWS region of chromosome 15 has five paternally 
expressed genes, including MKRN3, MAGEL2, NDN, NPAP1, 
SNURF‑SNRPN, which could encode polypeptides and a 
cluster of small nucleolar RNA genes  (snoRNAs), which 
mediate post‑transcriptional, sequence‑specific methylation 
that dictates mRNA folding and stability  [18,31]. The NDN 
gene encodes the protein necdin, which is vital for serotoner-
gic and GABAergic neuron development, as well as central 
respiratory control  [32,33]. The MAGEL2 protein is highly 
expressed in the hypothalamic supraoptic, paraventricular, 
and suprachiasmatic nuclei. In fact, MAGEL2 knockout mice 
demonstrated delayed pubertal onset and declined fertility, 
as well as decreased wakefulness and motor activity, which 
corroborates PWS patients  [34]. SNORD116 is one of the 
snoRNAs in the PWS region that accounts for several PWS 
phenotypes. SNORD116‑null mice were anxious, deficient in 
motor learning, with growth retardation and moderate hyper-
phagia  [34]. SNORD116 microdeletions have been reported 
in three individuals, all exhibiting some cardinal features of 
PWS, including neonatal hypotonia, infantile feeding prob-
lems, rapid weight gain after 2  years of age, hyperphagia, 
hypogonadism, mental retardation, and speech and behavioral 
problems; however, these patients do not have typical facial 
features of PWS, as well as growth retardation [2]. The clinical 
phenotypes of PWS are wide, including neurological, endo-
crinological, and metabolic symptoms, which are, perhaps, 
caused by the loss of expression of multiple functional genes 
on 15q11.2‑q13.

The three major molecular mechanisms inducing PWS 
are paternal deletion  (accounts for 65%–75% of patients), 

maternal UPD (20%–30% of patients), and imprinting defect 
(1%–3% of patients) [2]. In Taiwan, a retrospective study con-
ducted on 52 PWS patients revealed 45  (87%) with paternal 
deletion, 5  (10%) with maternal UPD, and 2  (4%) with an 
imprinting defect [35]. The clinical phenotypes of patients with 
paternal deletions or maternal UPD differ. Patients with UPD 
are less likely to exhibit hypopigmentation or the characteris-
tic facial appearance of PWS [36]. As reported by researchers, 
patients with UPD had an elevated risk of psychiatric illness 
and bipolar disorder, whereas patients with paternal deletions 
had markedly lower full‑scale IQ and verbal IQ  [37]. For AS 
patients, four different molecular defects include the deletion 
of maternal chromosome 15q11.2‑q13 (75% of patients), pater-
nal UPD  (1%–2% of patients), imprinting defects  (1%–3% of 
patients), and UBE3A mutations  (5%–10% of patients)  [38]. 
Patients with AS induced by maternal deletions typically have 
relatively severe clinical manifestations, including microceph-
aly, seizures, and hypopigmentation, possibly caused by the 
haploinsufficiency of the downstream non‑imprinted genes, 
including GABRB3, GABRA5, GABRG3, and OCA1. Patients 
with UBE3A mutations recapitulate all the core symptoms of 
AS, implying that the phenotypes of AS mostly correlate with 
UBE3A gene dysfunction [16].

Seizure prevalence and semiology of 
patients with Angelman syndrome and 
Prader–Willi syndrome

Although AS and PWS are sister imprinting disorders, 
the diverse molecular mechanisms distinguish their clini-
cal phenotypes, including seizure prevalence and semiology. 
We summarized the prevalence of various seizure types in 
patients with AS and PWS  [Table  1]. Epilepsy occurs in 
75%–95% of AS patients and seizures could develop before 
the diagnosis of AS  [39‑41]. The age of seizure onset may 
be early up to 3 months (mean onset age, 1–2 years) [41,42]. 
The seizure types of AS patients markedly vary and trans-
form over time. Infantile spasm could be the first presentation 
of epilepsy in some AS patients  [39,40,42]. Other seizure 
types, including generalized tonic–clonic seizure  (GTCS), 

Figure 1: Genes in chromosome 15q11.2‑q13. This chromosomal region begins from four non‑imprinted genes (blue eclipses) and follows by Prader–Willi syndrome 
region, including five paternal‑expressed functional genes (MKRN3, MAGEL2, NDN, NPAP1, SNURF‑SNRPN) and a family of paternal‑expressed snoRNA genes (orange 
squares). Those five functional genes in maternal allele are methylated and nonfunctional. Prader–Willi syndrom/Angelman syndrome imprinting center is included in this 
region. The Angelman syndrome region includes two maternal‑expressed genes, UBE3A and ATP10A (red diamonds), followed by five non‑imprinted genes, including 
GABRB3, GABRA5, GABRG3, OCA2, and HERC2 (blue eclipses). BP: Breaking point, IC: Imprinting center, snoRNA: Small nucleolar RNA, SNHG14: Small nucleolar 
RNA host gene 14
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absence seizures, febrile seizures  (FS), myoclonic seizures, 
atonic seizures, and complex partial seizures, have also been 
observed, and over half of the AS patients have  >2 seizure 
types  [43‑45]. The seizure frequency is high in AS patients 
and could occur  >10  times a week  [40]. Nonconvulsive 
status epilepticus  (SE), such as atypical absence SE and 
myoclonic SE, are also frequently observed  [41,42,46]. 
Nonconvulsive SE could result in cognitive decline, which 
could misguide physicians and lead to the misdiagnosis of 
metabolic disorders [41].

Conversely, a seizure occurs in only a minority of PWS 
patients  (4%–33%)  [5,44,47‑49]. In PWS patients, most sei-
zures develop before the age of 6 years  [4,5,47,48]; however, 
in some patients, the age of seizure onset is delayed to 
teenage years  [4,48]. In a study examining 142 PWS patients 
in Japan, 31 experienced seizures, wherein FS accounted for 
17  (12%) cases, and only 9  (6.3%) patients were diagnosed 
with epilepsy  [47]. In another cohort of 92 PWS patients in 
the United States, Vendrame et  al. reported only 24  (26%) 
patients with epilepsy [48]. The seizure types of PWS patients 
with epilepsy vary in the literature. As established by studies, 
GTCS is the leading seizure type of PWS patients with epi-
lepsy  [4,44,47,49]. However, 22 out of 24 PWS patients 
with epilepsy in a study had focal epilepsy, which mostly 
included staring spells with eye deviation  [48]. Typically, sei-
zures in PWS patients are regarded a spectrum of generalized 
seizure disorder, including FS and GTCS [49], in which SE is 
rarely observed, and patients with multiple seizure types are 
common [4,47].

Genotypes of both AS and PWS affect epilepsy phenotypes 
and severity. Those patients with AS caused by maternal dele-
tion of chromosome 15q11.3‑q13 would face a higher risk of 
epilepsy than those caused by UBE3A mutations or paternal 
UPD [39,46]. Shaaya et al. reported that 88% of patients with 
deletion have seizures, whereas 57% and 40% of patients 
with UBE3A mutations and paternal UPD have seizures, 
respectively [39]. The interaction of UBE3A and GABRB3 dys-
function due to maternal 15q11.3‑q13 deletion was considered 

as the cause of high seizure burden in AS patients  [44], and 
the clinical speculation was in line with a recent study which 
illustrated the GABAergic UBE3A loss a principle cause of 
circuit hyperexcitability in AS mice [50]. The genotype differ-
ence of seizure prevalence in PWS patients was reported in 
some studies. Fan et al. reported that PWS patients caused by 
paternal deletion are more likely to experience epilepsy (18%–
45%) than those caused by maternal UPD (0%–7%), probably 
due to their haploinsufficiency of the GABA receptor subunit 
cluster  (GABRB3, GABRA5, and GABRG3)  [49]. However, 
Takeshita et  al. reported that 26 of 109  patients with dele-
tion and 5 of 31  patients with maternal UPD experienced 
seizures  (P  =  0.35), which contradicts the findings in prior 
studies  [47]. Thus, larger cohort and meta‑analyses are war-
ranted to ascertain the correlation between epilepsy phenotypes 
and genotypes of PWS patients.

Electroencephalogram characteristics 
of epilepsy with Angelman syndrome and 
Prader–Willi syndrome

In a case series, Boyd et  al. extensively investigated the 
EEG characteristics of epilepsy in AS patients  [51]; they 
recognized three patterns of EEG abnormalities in 19 chil-
dren with AS, which are categorized by slow waves over 
different brain regions as follows: Pattern 1  –  prolonged 
runs of rhythmically triphasic 2–3‑Hz activity  (200–500 µV) 
often more prominent anteriorly, sometimes associated 
with discharges  (ill‑defined spike/wave complexes); Pattern 
2  –  spikes mixed with 3–4‑Hz components usually  >200 
µV mainly posteriorly and facilitated by, or only observed 
with, eye closure  [Figure  2]; and Pattern 3  –  persistent 
rhythmic 4–6‑Hz activities reaching >200 µV not related 
to drowsiness. These three EEG patterns have been vali-
dated in follow‑up studies, and pattern 1 was observed 
in 60%–80% of AS patients, which persisted until adult-
hood  [44,52,53]. Individual AS patients would have more 
than one EEG pattern in the same recording or at a different 
time, and the EEG patterns did not correspond with specific 
types of epilepsy  [44,52]. In patients who possessed gener-
alized high‑voltage slow‑wave background activities, it was 
difficult to control seizures  [54]. Except for slow activities, 
hypsarrhythmia and continuous diffuse spikes and waves also 
occur in young AS patients, which corresponded with clinical 
infantile spasms and atypical absence SE, respectively  [42]. 
Arguably, hypsarrhythmia in AS patients comprises runs of 
delta activities intermixing multifocal spikes or sharp waves. 
Compared with typical hypsarrhythmia in West syndrome, 
AS patients lack the fragmentation of hypsarrhythmia during 
sleep, with no sleep/wake correlation  [55,56]. Conclusively, 
EEG is a sensitive tool for the early diagnosis of AS because 
of characteristic patterns, offering the opportunity of early 
etiological diagnosis [56].

In PWS patients with epilepsy, no typical EEG pattern 
has been observed  [4]. Unlike AS patients, few PWS patients 
with epilepsy have slow EEG background activities and the 
triphasic high‑voltage, anterior‑dominated delta waves  [4,49], 
except Wang et  al. reporting 5 PWS patients presenting 

Table 1: Prevalence of various seizure types in patients with AS 
and PWS

AS PWS Reference
Overall prevalence 75‑95% 4‑33% 39, 40, 41, 44, 47, 48, 49
Atonic 4‑41% 0‑22% 40, 42, 44, 47, 48
Generalized tonic‑clonic 13‑40% 60‑88% 

*4% in 48
40, 41, 42, 43, 44, 45, 

48*, 49
Absence 26‑37% 10‑13% 40, 41, 43, 44, 49
Complex partial 16‑32% 10‑11% 

*92% in 48
40, 41,47, 48*, 49 

Myoclonic 12‑36% 0‑8% 40, 41, 42, 43, 48
Tonic 9% 0 40,47
Secondarily generalized 8% 4% 40, 48
Focal motor 6‑17% 10% 40, 41, 43, 49
Infantile spasms 2‑9% 0 39, 40, 42, 47, 49 
Lennox‑Gastaut syndrome 1% 0 40, 47, 49
AS, Angelman syndrome; PWS, Prader‑Willi syndrome. *Seizure types of 
PWS patients from the report by Vendrame et al. were inconsistent with 
other case series [48]
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persistent high‑voltage 4–6‑Hz activities  [44]. As per reports 
by researchers, interictal EEG recordings reveal focal, mul-
tifocal, or generalized epileptiform discharges  [Figure  3], 
per individual’s seizure types  [4,47,48]. Ictal EEG has been 

scarcely reported. Verrotti et  al. reported ictal EEG recording 
in 10  patients, and all had generalized spike‑wave paroxysms 
related to GTCS, corroborating that GTCS is more common in 
PWS patients with epilepsy [4].

Figure 3: Sleep electroencephalography in a 2‑year‑old boy with Prader–Willi syndrome. The recording shows a short burst of generalized spike‑waves and excessive 
beta activities over posterior head regions

Figure 2: Awake electroencephalography in a 5‑year‑old boy with Angelman syndrome. The recording shows posteriorly‑dominated 3–4‑Hz high‑voltage slow waves, 
which are characteristic for Angelman syndrome patients
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Seizure treatment and prognosis for 
patients with Angelman syndrome and 
Prader–Willi syndrome

For AS patients, controlling seizures is difficult with 
pharmacological treatment  [55]. In a large cohort of 461 AS 
patients, Thibert et al. reported that 77% of patients with epi-
lepsy are refractory to antiepileptic drugs  (AED), and only 
15% respond well to the first AED  [40]. In most case series, 
AED polytherapy is required for better seizure control in most 
patients  [39,40,43]. The efficacy of each AED differs in the 
literature. Valproate  (VPA) is the leading first‑line AED and 
is highly effective, although adverse effects also frequently 
develop  [39,41,45]. VPA was effective in all 25 AS patients 
as mono‑  or poly‑therapy; Shaaya et  al. reported that 66.7% 
of patients experienced 90% seizure reduction, while 33.3% 
experienced 50% seizure reduction by VPA. However, 72% of 
patients developed adverse effects, including increased tremor, 
ataxia, and decline in motor skills. The adverse effects on 
motor ability result in a low‑retention rate of VPA to 40% for 
AS patients  [39]. Furthermore, other serious adverse effects, 
such as pancreatitis and decreased platelets or white blood 
cells, have also been reported [40].

New‑generation AEDs, including levetiracetam  (LEV), 
lamotrigine (LTG), and topiramate  (TPM), are often pre-
scribed for AS patients with epilepsy. Shaaya et  al. reported 
prescribing LEV to 67% of patients, and 86% of patients 
exhibited a  >90% seizure reduction. They reported that the 
retention rate of LEV was 79%, while 21% of patients devel-
oped adverse effects, primarily behavioral changes  [39]. 
Thibert et  al. reported that LEV was selected by 18% of par-
ticipants and was the second most effective AED [40]. Shaaya 
et  al. reported the efficacy of LTG in 18 of 29  patients and 
correlated it with the retention rate at 67%  [39]. Notably, 
12% and 13% of patients being administrated LEV and LTG 
experience seizure exacerbation, respectively  [40]. Franz 
et  al. reported that five AS patients were successfully treated 
with TPM, which was well tolerated  [57]. Moreover, TPM 
is an effective AED as per Shaaya et  al.’s series, but it often 
results in adverse effects such as fatigue, irritability, and loss 
of appetite; the TPM retention rate was 33%, and no patient 
received monotherapy with TPM  [39]. Benzodiazepines, 
including clonazepam (CZP) and clobazam (CLB), effectively 
controlled seizures in AS patients with epilepsy  [39,40,45]. 
Shaaya et  al. reported that out of 51% of patients undergo-
ing treatment with CLB administration, 93% exhibited  >90% 
seizure reduction, and 31% could be treated with CLB mono-
therapy. Moreover, side effects, such as sluggishness and 
aggression, were reported by 34% of patients regarding CLB; 
the CLB retention rate was 75%  [39]. Thibert et  al. reported 
that CZP has a seizure freedom rate of 24% and high tolerabil-
ity. Common adverse effects, such as fatigue and hypotonia, 
have been reported in 8% and 6% of patients who underwent 
treatment, respectively  [40]. Furthermore, CLB and CZP even 
exerted positive effects on patients’ alertness and behavior in 
a study [45].

According to certain studies, some AEDs exaggerated sei-
zures and even induced nonconvulsive SE in AS patients with 

epilepsy, including carbamazepine, oxcarbazepine, and viga-
batrin  [41,55]. Moreover, phenobarbital was less effective and 
32% of patients developed intolerable side effects  [40]. The 
treatment experience with nonpharmacological treatments, 
including ketogenic diet, low glycemic index therapy  (LGIT), 
and vagus nerve stimulation, is rare. Thibert et al. treated 8% 
of patients with a ketogenic diet, and only one‑third reported 
effective results. Reportedly, the retention rate of the ketogenic 
diet was only 19%  [40]. Furthermore, LGIT was effective in 
10 of 12 patients in Shaaya et al.’s series, and the patients also 
exhibited better tolerability (retention rate, 67%) [39].

Compared with AS patients with epilepsy, seizures in 
PWS patients are less common and easy to treat. In some 
studies, FS was the leading etiology and did not require treat-
ment, in addition, some patients had rare seizures for which 
rectal diazepam was used as necessary  [4,5,47]. Monotherapy 
with VPA, LEV, LTG, TPM resulted in good seizure control 
in PWS patients with epilepsy  [4,48]. Unlike CBZ in AS 
patients, which may induce seizure aggravation, CBZ was 
effective in PWS patients and also correlated with good 
tolerability [4,47,48].

The evolution of seizures is favorable in PWS patients 
but undetermined in AS. Although AS patients commonly 
develop seizures since infancy, and the seizures are typically 
challenging to control pharmacologically, these improve with 
time in some patients  [42,43]. Sueri et  al. reported that 27 
out of 42  (64%) AS patients with epilepsy become seizure 
free at a median age of 10 years [43]. Uemura et al. reported 
that 19 out of 22  patients  (82.6%) were seizure free for, at 
least, 3  years in the last follow‑up  [42]. Conversely, Laan 
et  al. reported that epileptic seizures persisted in 13 out of 
14  (92%) adult AS patients  [53]. For PWS patients with 
epilepsy, freedom from seizures was attained in 20 out of 
24  (83.3%) patients [48] and 32 out of 38  (84.2%) patients 
[4] in different studies.

Several clinical trials toward AS and PWS were executed 
in recent years. Two clinical trials that strove to improve 
neurodevelopment in AS using minocycline and levodopa 
have been unsuccessful  [58,59]. A  Phase II study for AS 
using gaboxadol  (OV101) which is a highly selective extra-
synaptic GABA receptor agonist is ongoing. Gaboxadol 
may restore the deficit in GABAergic tonic inhibition of AS 
patients and possibly benefit to their neurodevelopment and 
seizure control  [8]. Two mechanistic approaches directly 
inhibiting SNHG‑14  (UBE3A‑ATS) with topoisomerase 
inhibitors or antisense oligonucleotides were developed from 
AS mouse models, and both would partially restore UBE3A 
protein [60,61]. The progress from the animal studies made the 
mechanistic treatment possible in the near future. For PWS, 
several new drugs revealed good efficacy on appetite control 
and weight loss, including exenatide  [62], beloranid  [63], and 
AZP‑531  [6], but their effects for neuropsychological pheno-
types of PWS were undetermined. OXT is one of the primary 
targets for intervention due to decreased OXT‑expressing 
neurons in PWS patients and animal models [64,65]. Intranasal 
OXT administration improved feeding and social skills in 
infants and also appetite control and behavior in children with 
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PWS [7,66]. The long‑term effects of OXT for neuropsychiat-
ric symptoms of PWS are promising.

Conclusions
Although AS and PWS are both chromosome 15q11.3‑q13 

dysfunctions, the molecular mechanisms differ in both con-
genital neurodevelopmental disorders because of genomic 
imprinting. Early diagnosis and teamwork intervention, includ-
ing geneticists, neurologists, rehabilitation physicians, and 
pulmonologists, are important. PWS patients exhibit unique 
endocrinological and behavioral phenotypes, including short 
and obese figures, hyperphagia, autism, or OCD‑like behav-
iors. Hypotonia, poor feeding, failure to thrive, and typical 
facial features are key points for the early diagnosis of PWS. 
Epilepsy is not common and easy to treat for PWS patients. 
However, AS patients develop epilepsy in their early lives, 
and the seizures are more difficult to control. The distinctive 
gait pattern and excessive laughter, as well as characteristic 
EEG patterns, result in the early suspicion and diagnosis of 
AS. Notably, AED polytherapy, including the combination of 
VPA, LEV, LTG, and BDZ, is often required to control sei-
zures in AS patients. Moreover, CBZ, OXC, and VGB should 
be avoided and may induce nonconvulsive SE. Under proper 
treatment, seizures could be controlled well since late child-
hood or early adulthood for both AS and PWS patients.
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